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Abstract

The report was submitted in fulfillment of contract number 68-C-04-007 by Tetra Tech, Inc., under the sponsorship 
of the United States Environmental Protection Agency. This review examines the modeling research needs to 
support environmental decision-making for the 303(d) requirements for development of total maximum daily loads 
(TMDLs) and related programs such as 319 Nonpoint Source Program activities, watershed management, 
stormwater permits, and National Pollutant Discharge Elimination System (NPDES) discharge evaluations.  By 
examining the currently available models and considering the needs for TMDLs and related watershed programs, a 
comprehensive list of modeling research needs can be developed. 

More than 65 currently available models were evaluated for their capabilities and applicability to TMDL 
development and related watershed management activities.  Evaluation tables were developed to facilitate 
comparison of models and inventory the potential gaps in model capabilities, and fact sheets were developed for 
models to provide more detailed information on the capabilities of each model.  Existing integrated models systems 
were also evaluated and compared, based on data processing, modeling tools, and model linkages supported.  The 
review of available models demonstrates that many of the dominant pollutant types and waterbodies can be 
simulated using available technologies.  However, many specific technical gaps remain, especially in linkages 
between air, surface water, groundwater and receiving water models. 

The model reviews and emerging trends in technology were considered in developing a comprehensive list of 
research needs that encompass a variety of sources, processes, waterbodies, data, systems, and integration needs. 
This diversity of needs is consistent with the current development of TMDLs across the country.  Initially, TMDL 
development focused on dominant source and pollutant types, but more recently, emphasis has shifted to completing 
TMDLs under a variety of site-specific conditions and supporting more detailed implementation planning.  Because 
of the specialized and diverse characteristics of the needs, an equitable prioritization of specific needs cannot be 
defined.  Key recommended research areas that could benefit multiple applications include: integrated best 
management practice (BMP) modeling systems, more physically based representation of watersheds, and support for 
linkage of watershed and receiving water models. 

The review recommends that this diverse set of technical needs should be supported by new and more flexible 
modeling systems and tools.  Development of integrated modeling systems can provide the commonly needed tools 
and support adoption of new solution techniques, source representation, and algorithms.  Providing integrated 
system platforms, ideally Internet-based, can help minimize duplication of effort (shared on line data management, 
data display, shared resources), while maximizing resources for more fundamental development and research of key 
components. The use of Internet-based technologies has now emerged as a viable and practical medium for 
management of data, analysis techniques and tools to support TMDL and more generalized watershed analyses. 
Development of a standardized Internet-based framework could provide significant cost saving for the management 
and application of models.  In addition, a standardized and open framework, with clearly defined linkage 
capabilities, could encourage research and continuous testing and update of new components.   

Future development of models and the supporting infrastructure of data and guidance can support informed 
environmental decision-making, improve understanding of the physical systems in our world, and ultimately provide 
information to support the effective restoration and protection of the nation’s waters. 
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Foreword
The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation’s land, air,
and water resources. Under a mandate of national environmental laws, the Agency strives to formulate and
implement actions leading to a compatible balance between human activities and the ability of natural systems to
support and nurture life. To meet this mandate, EPA’s research program is providing data and technical support
for solving environmental problems today and building a science knowledge base necessary to manage our
ecological resources wisely, understand how pollutants affect our health, and prevent or reduce environmental
risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for investigation of
technological and management approaches for preventing and reducing risks from pollution that threaten human
health and the environment. The focus of the Laboratory’s research program is on methods and their cost-
effectiveness for prevention and control of pollution to air, land, water, and subsurface resources; protection of
water quality in public water systems; remediation of contaminated sites, sediments and ground water; prevention
and control of indoor air pollution; and restoration of ecosystems. NRMRL collaborates with both public and
private sector partners to foster technologies that reduce the cost of compliance and to anticipate emerging
problems. NRMRL’s research provides solutions to environmental problems by: developing and promoting
technologies that protect and improve the environment; advancing scientific and engineering information to
support regulatory and policy decisions; and providing the technical support and information transfer to ensure
implementation of environmental regulations and strategies at the national, state, and community levels.

This publication has been produced as part of the Laboratory’s strategic long-term research plan. It is published
and made available by EPA’s Office of Research and Development to assist the user community and to link
researchers with their clients.

Sally Gutierrez, Director
National Risk Management Research Laboratory
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